Six main groups were formed from a complete linkage dendrogram on 557 bacteria tested for 53 physiological features. The organisms were obtained from culture collections and included representatives of the following genera : Arthrobacter, Brevibacterium, Caseobacter, Cellulomonas, Corynebacterium, Curtobacterium, Micrococcus, Microbacterium, Mycobacterium, Nocardia, Oerskovia and Rhodococcus. The six groups were individually subjected to a numerical taxonomic analysis based on linkage maps, which resulted in a total of 33 subclusters. An identification key to determine the affiliation of the bacteria to the six main clusters and five group-specific schemes is presented. Reference strains are proposed for the 33 subclusters.
INTRODUCTION
Inconsistencies in the taxonomy and identification of coryneform bacteria are a major disadvantage in ecological studies of microbial flora. In culture collections an unjustifiable large variety of names for the coryneform rods can be found because species names were attributed too quickly. Recently the number of validly described species has been reduced substantially (Skerman et al., 1980) . But the descriptions of the physiological status of the remaining species are still highly unsatisfactory because of the different tests and methods used by workers in this field.
In numerical taxonomic studies reference strains from culture collections are generally used for the designation of the bacterial groups isolated from particular habitats. Many of these named species may be inappropriate because they fall into the same cluster and do not represent the groups formed by the isolates . Hence the question, usually remaining unanswered, is whether the isolates include new, hitherto undescribed taxa which might be eligible for naming, or whether unsuitable reference strains were chosen for comparison.
The aim of the present study was to subject most coryneform rods deposited in culture collections to the same physiological analysis, to check the possibility of constructing a simple key, that could be applied to population studies, and to compile a list of strains which could be used as reference strains in taxometric studies.
METHODS

Analyses.
The characteristics of the 607 strains were determined by previously described methods (Seiler et a/., 1980) except that in the carbon source utilization tests the basal medium was supplemented with amino acids and DNA bases (Seiler, 1981) . For the pigment test, one drop of concentrated KOH was transferred with a loop, to a well-grown colony; the colony was then scored for colour. Cluster analyses were conducted according to the procedures described by Ident$cation media.for clusters A , B, C, D, E and F. Medium 0 served as a control medium for media 1 to 5. This consisted of basal medium, 100 ml; buffer solution, 5 ml; vitamin solution, 1 ml; amino acid/DNA-base solution, 1 ml. Basal medium contained Ionagar (Oxoid), 12 g; MgS04, 0-05 g; distilled water, 1 1, autoclaved at 120 "C. are more easily identified by the appearance of the colony than by elaborate physiological tests. Thus, strains from different sources could frequently be classified as being identical or not identical based on this test alone. Significant variations in colony morphology were very rarely observed in related forms. Twenty-four forms were differentiated ; the coding was designated in such a way that the scheme can be extended whenever required. The colour registers Reichsausschuss fur Lieferbedingungen (1 976), Deutsches Institut fur Normung (1 9661982) and Munsell Color Company (1966 -1982 served as references for the descriptions of pigmentation (Table 1) .
Cluster analysis with 557 strains After eliminating the 50 unsuitable or questionable strains, a complete linkage dendrogram on the simple matching coefficients S,, was set up for the remaining 557 strains. This procedure separated the organisms into the six large groups A, B, C, D, E, and F with 127, 49, 140, 112, 62 , and 67 strains, respectively. In Fig. 1 a dendrogram shows the similarities among these clusters and Table 2 presents the percentages of positive reactions. A recommended identification key is shown in Table 3 . The desired values of 0% or 100% are only rarely found since not all strains are positive or negative in a given biochemical test. To obtain results nearer to the 100% level two or three substances were combined in one medium, The positive strains in group C, medium 3 represent B. linens. Corynebacterium fascians is positive in group A, medium 5 ; Cor. xerosis reacts negatively in group F, medium 7. Cellulomonas and B. defluuium are also negative in group F, medium 2. When this key is used, media 3 and 8 should be given priority in doubtful cases. Table   4 gives the origin and names of all the strains together with peptidoglycan type, and G + C content where known.
Cluster analysis of the individual groups
The following dendrograms on coefficients SSM and SJ (Jaccard) were set up for the six main clusters: single linkage (SSM, SJ), complete linkage (SSM, S,), average linkage (SSM, S,), K3-diameter procedure (SSM, SJ), Median procedure (SSM, S,), Ward procedure (SSM, SJ) and centroid procedure (SJ. Comparison of the resultant groupings revealed the potential and the limits of this type of cluster analysis. The reproducibility of the division into subclusters varied for the different procedures. Accidental groupings are likely when the results do not correlate with those of other dendrogram procedures. These tend to be associated with areas of the data which do not fit well into hierarchical clusters. This was very pronounced in subcluster C I. The subdivision of this group, demonstrated by the complete linkage procedure, differed somewhat from that observed in the other procedures. A typical example is strain C 108 (Mc. luteus) . In some procedures it formed a separate group together with C 85 ( B . linens). In some instances it was assigned to C 106, 107 and 109, i.e. the other Mc. luteus strains. A third alternative was the attachment of B. linens to C 87 and 96 ( B . linens) and of Me. luteus to C 119 (Mc. conglomerans). There are obviously numerous cross links, so that depending on the specific weighting for each procedure, a strain with an intermediate location may be assigned to differing groups. Evidence of such misplacements can be given by means of a discriminant analysis (Ohmayer, 1982) .
The linkage map supplied much clearer results. Accidental groupings are much less likely. This is due to the fact that the differing choices inherent in the cluster methods with dendrograms do not so obviously apply. In the linkage map, the strains are iteratively moved to an optimum position of the two-dimensional coordinate system. The formation of groups, as in the dendrogram, is generally based on the selection of threshold linkage levels according to various criteria of suitability. Unlike the linear representation of the dendrogram, the linkage map shows all mutual relationships of the relevant similarity levels in a much more spatial mode that bears more resemblance to the actual conditions.
If the results of the linkage map and the dendrogram procedures are compared, an interesting conclusion can be drawn: the subclusters do not correlate for the various dendrogram procedures when an additional subdivision was made which went beyond the groups of the linkage map. They also do not correlate when the individual localization of the objects did not allow the formation of groups in the linkage map. Reliable sequences or groupings of the Table 2 ). 9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38   39  40  41  42  43  44   45  46  47  48  49  50  51  52 
H . S E I L E R
D-Gluconate 2-Ketogluconate Glycine L-Leucine L-Proline L-Threonine L-Asparagine L-Aspartate L-Arginine L-Histidine D-Ribose L-Arabinose D-G alac tose L-Rhamnose D-XylitOl m-
-
A \ I I1 111 IV v VI VII VIII I I1 I11 IV I I1 I I1 I11 IV v VI VII VIII (52) (10) (7) ( 5 ) (4) ( 5 ) (25) (2) (28) (15) (14) (37) (51) (7) (13) (10) (14) (11) ( 5 ) (6) (4) (2) 100 100 100 100 100 100 96 0 0 0 0 0 100 0 38 100 100 100 80 100 50 100 100 100 100 100 100 100 100 50 0 0 0 0 71 100 8 100 100 73 60 100 25 100 94 100 100 100 100 100 100 100 0 0 0 0 0 0 0 60 100 100 80 100 0 100 94 100 86 100 100 100 96 100 0 60  70  70  70  70  70  70  33  70  70  70  70  70  70  70  70  70  70r  70r  701-10  10  10  10  10  10  10  60  60  70r  70  70  40  30  60  20  70  60  70  70  70 30  32  32  20  20  11  11  20  60  20  10  10  11  20  10  21  10  10  11  11  11  20  10  70  21  20  10  10  10  11  10  20  10  21  21  21  10  10  20  10  80 I   64  63  62  62  62  63   10  10   65   10   65   10   66   10  10  10  10  20  10  10  20  10  90  20  20  20  10  20  20  11  20  10  11  10  10  10  10  10  10  10  80  10  10  11  20 Lysine, A4a Lysine Lysine, A4a Lysine Lysine, A4a Lysine, A4a Lysine, A4a 5 Rounded data from Bousfield (1972), Bowie et al. (1972) , Crombach (1972 Crombach ( , 1974b , Dopfer (1981) , Hill (1966) organisms studied here, which go beyond a statement regarding the similarities of the linkage map, can generally not be proven; and for this reason the dendrogram groupings will not be depicted or discussed here.
NCPPB
1064
NCPPB
1379
NCPPB
1397
NCPPB
1468
NCPPB
1496
NCPPB
1572
NCPPB
1573
NCPPB
1574
NCPPB
2034
ATCC
DSM
(ATCC
27822)
NCPPB
80
AJ
(ATCC
9850)
NCPPB
299
NCPPB
379
NCPPB
2137
NCPPB
2140
NCPPB
2142
NCPPB
2144
I F 0 12164 (ATCC
11402)
NCPPB
255
NCPPB
Group A The linkage map procedure and the discriminant analysis resulted in seven subclusters for group A. Twenty-four strains remained ungrouped (Fig. 2, Table 4 ). The strains of taxon A represent the bacteria with reddish pigment. The peptidoglycan is homogeneous (Keddie & Cure, 1978) ; the DNA base composition ranges from 61 to 70% GC in most cases. The distribution of polar lipid types and the menaquinone patterns given by Komura et al. (1975) and Collins & Jones (1981) are also similar in the species A . roseoparafineus, B. parafinolyticus, B. sterolicurn, Cor. equi, Cor. fascians, Cor. rubrurn and R. erythrupulis. Some strains were separated in a similar way by Yamada & Komagata (1972) . They placed Cor. fascians, Cur. equi and B. rnaris (A 6,65,61) in 'group l', B. fuscurn (A 92) in 'group 3' and A . variabilis (A 81) in 'group 6'.
On the basis of the distribution of free mycolic acids (Goodfellow et al., 1976) , Cor. fascians, R. erythropolis and N . opaca (A 4, 1 1,32,49b) as well as A . roseoparafinolyticus and A . variabilis (A 88, 81) cannot be separated. In contrast to the studies of Jones (1975) , the Cor. fascians, Arthrobacter sp., A . variabilis and Myb. rhodochrous strains (A 14, 11, 4, 21, 81, 101) were not found in one group in this study. The separate position of Cor. equi (A 65) is confirmed, however. The non-orange isolates (A 77 to 80, 82, 83) from cheese (Crombach, 1972 (Crombach, , 1974a differ significantly from B. linens physiologically. The recently described species Caseobacter polyrnorphus (Crombach, 1978 b) may be already characterized by the species A . variabilis (A 8 1). It may be stressed that these white cheese isolates with m-Dpm in the peptidoglycan are placed here in the 'rhodochrous' group (A); the orange B . linens strains are found in the Arthrobacter group (C), although unlike Arthrobacter, their cell walls also contain m-Dpm. Brevibacterium linens probably is an intermediate form between Rhodococcus and Arthrobacter. Two micrococci, i.e. Me. parafinolyticus and Me. cinnabareus are included in group A. Brevibacterium fuscum (A 92) has a significant lower GC content and is presumably misplaced here. In addition to the numerical grouping of 177 strains of the genera Bacillus, Corynebacterium, Gordona, Jensenia, Mycobacterium, Nocardia and Proactinomyces given by Goodfellow & Alderson (1 977) other named strains are included in the Rhodococcus taxon here. Their published system of subdivision, however, could only be confirmed in part with the features tested here. Classification of this bacterial group requires further study.
An identification key with 10 features is given in Table 5 . The colour of the colony is another valuable tool for the determination of group affiliation (Table 4) .
As reference strains for the subclusters A I to VII, type strains (Skerman et al., 1980) , or the following strains from the centres of the linkage zones of the linkage map may be recommended : Cor. fascians ATCC 12974, R. erythropolis ATCC 4277, B. ketoglutamicum ATCC 15587, Cor. equi ATCC 7698, A . rubellus ATCC 21495, A . variabilis ATCC 15753 and Cor. alkanolyticum ATCC 21511. These were positive in the features highlighted in Table 5 .
Group B
Group B contains 49 strains : only 28 of these, however, fell into relatively loose subclusters, whereas the other 21 strains remained ungrouped (Fig. 3 , Table 4 (1972) . B IV differs from the first three subclusters in the amino acid composition of the cell walls and in % G + C values. When considering the S-levels of 9 and 10 test differences, the three strains of group B V form a cluster as do the two micrococci. Corynebacterium rathayi ATCC 13695 and DSM 20153 are evidently variants of a homogeneous original culture; these do not resemble strain NCPPB 80. Arthrobacter pyridinolis has colonies of varying shape which could not be separated, however.
On the basis of the low similarity level and the insufficient isolation of the subclusters B I to IV, the percentages of the identification key frequently deviate from the desired 0% or 100% values (Table 6 ). As reference strains for B I to IV B. oxydans CIP 6612, B. helvolum AJ 1447, Cur. testaceurn ATCC 15829 and B. fuscum AJ 3 124 may be considered. These are positive in the reactions highlighted in Table 6 .
Group C
The 122 coryneform bacteria and 18 micrococci, which were separated at 95% S from the other 435 strains could be arranged into 13 subclusters (Fig. 4, Table 4 ). C I represents the largest taxon with 52 strains. It contains primarily A . globformis and related strains. The species A . tumescens, B. insectiphilum, Cel. Jimi, Cor. michiganense, Cor. murisepticum and Microbacterium have been incorrectly named or incorrectly placed here. These require further study for clarification. The inclusion of Cor. ilicis (C 42) correlates with the findings of and Collins et al. (1981) . The two strains with blue colony pigment, A . polychrornogenes and Cor. viscosum, are physiologically very similar. These strains as well as A. atrocyaneus, A . tumescens, Arthrobacter sp., Cor. rnichiganense and Corynebacterium sp. (C 1, 32, 28, 43, 46) appear relatively isolated in the diagram, C I is characterized by the peptidoglycan type A3a, whereas the subclusters C 11, I11 and IV possess type A4a. The linkage map shows that C I1 is closer to C I than to C I11 or C IV. Arthrobacter crystallopoietes is only loosely attached. C I11 and C IV are adjacent to one another. The optimal assignment of Cor. aurantiacum and Brevibacteriurn sp. (C 66, 70 ) cannot be determined with certainty. C V has a very loose structure. The species of the peptidoglycan type A3y -A. simplex, A. tumescens, B. lipolyticum -could be combined in C VI. These are, however, situated at a considerable distance from A . tumescens ATCC 6947 (C 127). C VII and C VIII are characterized by B. linens. Of the four Micrococcus groups, X and XI are homogeneous as the best. As to the remaining 13 strains which cannot be grouped, C 122 to 125 show certain similarities. Nine strains remained ungrouped. Of these, the allotment of Cur. pusillurn with the peptidoglycan type B2P and of Cur. erythrogenes (C 131, 132) to cluster C appears unjustified.
In the context of this subdivision the work of Jones (1975) on coryneform and related organisms by grouping many strains of C I in 'I11 F8' to '111 F10' is pertinent. Yamada & Komagata (1972) differentiated only between Arthrobacter ('group 2') and B. linens ('group 3'). The same applies to the studies conducted by Keddie & Cure (1 977) on their groups 'C 1 ' and 'A 3'' and by Komura et al. ( 1 975) on their groups '4' and '5'. Bousfield's (1 972) A . globgormis group 'I1 B 3c' is also reflected in our results. The GC content of most strains was found to range from 60 to 65 % (Bousfield, 1972; Hill, 1966; Kocur et al., 1971 ; Yamada & Komagata, 1970) and cannot therefore be used as an internal diagnostic feature. There is correlation with the DNA-DNA reassociation studies by Stackebrandt & Fiedler (1 979) . Some disagreements remain, however, because the differentiation level obtained with the DNA-DNA reassociation studies cannot be reached with physiological features. Within B. linens there was some correlation with the groupings based on the composition of the polysaccharide moiety of cell wall types (Fiedler et al., 1981) , e.g. the close neighbourhood of the strains AC 474/UQM 26 (C 100, 9 9 , ATCC 9172/ATCC 9175 (C 91, 92) and AC 575/AC B3 (C 103, 104). However, the distinct position of AC 470 (C 99) found by DNA homology and the close relationship between ATCC 19391 and B 3 is not clearly shown in the taxometric study. (20) B 111 22 Curtobacterium testaceum (30, 33, 34) B IV 25 Brecibactrrium fuscum Micrococci were included in the study in order to obtain information on their relationship to Arthrobacter and not to present a taxonomic description. These were shown to closely resemble coryneform organisms in their physiological reactions, although there are, in part, great distinctions in the peptidoglycan and the G C content. These similarities are consistent with the high similarity coefficients obtained from comparative studies of the nucleotide sequence of the 16s RNA by Stackebrandt & Woese (1979) . Breuibacterium fuluurn LMD 25.8 (C 81) is grouped with Mc. luteus.
On the basis of these results all the strains of group C should be placed in the genus Arthrobacter, with the exception of B. linens, the micrococci and the strains referred to as Cur. pusillum and Cor. erythrogenes. Likewise the allocation of A . simplex, A . tumescens and B. lipolyticum to the genus Arthrobacter appears inappropriate. In spite of the high physiological resemblance, this group was found to have DNA heterogeneous with that of A . globijormis (Suzuki et al., 1981) .
The following type strains or strains from the cluster centres can be used as reference strains for C I to C VIII: A . globiformis ATCC 8010, A . nicotianae ATCC 15236, A . citreus ATCC 21348, B. protophormiae ATCC 19271, A . citreus ATCC 15170, A . simplex ATCC 6946, B. linens ATCC 91 72 and B. linens AC B3. These strains are positive in the reactions highlighted in Table 7 .
All strains in this group are characterized by a broad spectrum of carbon source utilization, strong hydrolytic reactions and by the fact that they do not produce acid from carbohydrates. For C I to C VIII, an identification key with one morphological and eight physiological characteristics is recommended (Table 7) . Again colony pigmentation is useful for identification. The significance of the orange pigmentation for B. linens is confirmed. C I contains a substantial portion of white colony types. There are also yellow and blue colony types. Based on colony morphology, the colourless B. linens strains cannot be distinguished from the white A . globifomis strains. Corynebacterium uratoxidans forms large lobed white colonies with a brown centre. These two strains thus have a colony morphology different from the other three species of group C IV. With the exception of the greyish-white strains of C V and the reddish organisms of C XI, the remaining strains are primarily yellow pigmented. Taxon A . simplex is also characterized by swarming colonies on minimal agar media. Other characteristics useful in the identification of the genera are summarized by Keddie & Jones (1981) . Cor. sepedonicum and Cor. tritici form subcluster C IV. Of the 18 ungrouped strains, the plant pathogenic strains are substantially more related to the four subclusters than the remaining bacteria (Fig. 5, Table 4 ). An unequivocal assignment of the species Cur. citreum, Cur. albidum and Cur. luteum (D 86,85,87) was not possible however. If the capability for facultative anaerobic growth, as opposed to the numerical clustering method, is considered as a weighted feature, some micrococci and microbacteria are misplaced in cluster D. Corynebacterium michiganense ATCC 7430 (D 52) and NCPPB 861 (C 43) are not identical. Corynebacterium rathayi NCPPB 80 and Cor. michiganense cluster in D IV. As mentioned above, the former strain is also not identical to ATCC 13659 and DSM 20153. This explains the findings regarding peptidoglycan type A3a, atypical for plant pathogenic species (Schleifer & Kandler, 1972) . Corynebacterium rathayi NCPPB 797 assumes an isolated position. The two strains of group D (D 68, 82) form yellow-orange colonies, whereas those of taxon A (A 44,45) are lemon-yellow. The latter are in agreement with the description given by Rogosa et al. (1974) . The taxonomic position of Cor. rathayi thus requires further study.
Group D
The subdivisions do not completely agree with the published data. Most workers place Cor. flaccumfaciens and Cor. poinsettiae in the same group (Dopfer, 198 1 ; Dye & Kemp, 1977; Lazar, 1968; Masuo & Nakagawa, 1970; Rosenthal & Cox, 1954; Starr et al., 1975) . Only Nigel et al. separated the two species. No evidence can be found in the literature for the separate position of Cor. insidiosum (Carlson & Vidaver, 1982) . The separation of Cor. sepedonicum (Lazar, 1968; Masuo & Nakagawa, 1970; Rosenthal & Cox, 1954) can neither be confirmed in this study nor by various other workers Dye & Kemp, 1977; Nigel et al., 1965; Starr et al., 1975) . Dye & Kemp (1977) and Dopfer (1981) also found close relationship between Cor. nebraskense and Cor. michiganense.
The peptidoglycan of the organisms in D I and I1 contains ornithine, that of D I11 and IV diaminobutyric acid (Schleifer & Kandler, 1972) .
The plant pathogenic species Cor. flaccumfaciens and Cor. poinsettiae as well as some other species with ornithine in the peptidoglycan studied here were classified as Curtobacterium (Yamada & Komagata, 1972) . On account of the high degree of physiological similarity between the strains in group D, this term may be used for all strains found in subclusters D I to IV. This seems justified also in view of the homogeneous composition of the lipids (Minnikin et al., 1978) . Dopfer (1981) allocated these organisms to the genus Microbacterium.
All strains have a low metabolic activity and are quite similar in their spectrum of characters. The four subclusters present certain overlappings in the six diagnostic features (Table 8 ). The search for characteristics which satisfy the demand for high congruence within the groups and high divergence between the groups must be continued. Another useful diagnostic feature is again the colony morphology (Vidaver & Starr, 1981) . All strains, with the exception of Cor. sepedonicum and Cor. iranicum, produce yellow-orange pigments though Cor. tritici is irregular ( Group E Most of the 62 strains in group E are extremely homogeneous physiologically as has been described by Abe et al. (1967 ), Bousfield (1972 and Yamada & Komagata (1970) . This also applies to the GC ratio and the peptidoglycan. The cluster analysis resulted in two justifiable groupings. Most of the strains form small yellow (E I) or white (E 11) colonies. Three of the four ungrouped strains (E 54, 56, 57) are very similar to the bacteria in cluster E I; E 55 is situated closer to E I1 (Fig. 6, Table 4) . The occurrence of the two strains with a reddish pigment, B. roseum ATCC 13825 and Cor. melassecola ATCC 17965, is striking. Abe et al. (1967) also placed the former in the group of glutamic acid producing bacteria. The latter is almost identical to Cor. melassecola ATCC 17966. Our findings are in close agreement with the suggestion of Abe et a/. (1967) for classifying all strains in E I as Cor. glutamicum. The species B. divaricatum and Cor. lilium listed in the Approved Lists of Bacterial Names (Skerman et al., 1980) may be rejected. This is also indicated by Suzuki et al. (1981) .
The literature does not provide any clear indications as to the separation of subcluster E 11. Chatelain & Second (1966) , Yamada et al. (1976) and Goodfellow et al. (1976) grouped B . stationis together with B. ammoniagenes. Keddie & Cure (1978) and Bousfield (1972) showed a separate position for B. stationis. Minnikin et al. (1978) has comparable amounts of MK-9(H2). Keddie & Cure (1977) placed this species in the Rhodococcus group. Jones (1975) found close similarities to B. linens. In view of these contradictions, the identity of the various cultures of B. stationis should be verified. The representatives of B. ammoniagenes in E I1 are generally not separated from those in cluster E I (Goodfellow et al., 1976; Keddie & Cure, 1977; Komura et al., 1975; Yamada & Komagata, 1972) . Corynebacterium equi ATCC 21280 showed no similarity with respect to colony morphology to the representatives in group A. Further studies are thus required to resolve the taxonomic position of these strains. The numerous species in group E may probably be restricted to Cor. glutamicum, B. ammoniagenes, B. stationis and Cor. Jlavescens. Breuibacterium flavum strains, with their peripheral position in E I, may be separated also. The first two types can be characterized with the diagnostic key in Table 9 . The type strains Cor. glutarnicum ATCC 13032 and B. ammoniagenes ATCC 6871 may be recommended as reference strains for E I and 11.
Group F
In group F eight subclusters were obtained and only two strains remained ungrouped (Fig. 7 , Table 4 ). The latter are, however, adjacent to Mb. lacticum in subcluster F 111. F I includes Cellulomonas exclusively, although the characteristic feature of the cellulose hydrolysis was not tested as a diagnostic character. Differentiation among the various Cellulomonas species (Stackebrandt & Kandler, 1979) was not possible with the physiological features used. With subcluster F I1 the phenons 'group 5' and '111 B7' (Bousfield, 1972) 
